APPARATUS AND METHOD FOR DETECTING SIGNALS OF SPACE-TIME 



CODING BASED ON TRANSMISSION DIVERSITY 



Field of the Invention 



The present invention relates to an apparatus and method 
for detecting signals of space-time coding based on 
transmission diversity, and more particularly an apparatus and 
. i method for detecting signals of space-time coding based on 

• 10 transmission diversity, which linearly filter received signals 
= - to estimate the average channel gain of each symbol, measure a 

. . signal to interference ratio (SIR) , and control the decoded 

^ " output by comparing with the threshold value, thereby 

detecting correct symbols. 



Description of the Prior Art 



The multi-path fading occurring in most mobile 
communication channels serves as the main cause of impeding 

20 effective and reliable data transmission. The effect of such 
fading may be mitigated by the space or antenna diversity. The 
space diversity method is generally used in the base station, 
employing the Maximal Ratio Combining receiver to process the 
signals received through several antennas. However, such space 

25 diversity method is not practical for a mobile station because 
of its cost, size, power consumption, etc. Hence, the next 
generation mobile communications system such as IMT-2000 
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employs transmission diversity method to cope with the multi- 
path fading of the downward link. 

The transmission diversity method involves multiple 
transmission antennas and a single reception antenna, compared 
5 to the space diversity method involving a single transmission 
antenna and multiple reception antenna. In this case, the 
.received signal is a linear combination of the signals 
transmitted from all the transmission antennas. Hence, the 
receiving system must distinguish the signals received from 
10 each of the transmission antenna in order to correctly recover 
the originally transmitted signals. For such transmission 
diversity, the space-time coding is used in both the procedure 
for data transmission at the base station and the procedure 
for data detection at the mobile station. 
15 The conventional transmission diversity system is 

schematically shown in Figs. 1A and IB for respectively 
illustrating the transmission system of the base station and 
•the receiving system of the mobile station. The transmission 
system includes a QPSK (Quadrature Phase Shift Keying) 
20 modulator 110, space-time encoder 12 0, and spreading code 
generator 13 0 as shown in Fig. 1A, and the receiving system 
including a receiving circuit 140, QPSK demodulator 150, etc. 

In this case, the transmission data are channel-encoded 
information bits, which are processed through the QPSK 
25 modulator 110 and the space-time encoder 12 0 to produce the 
transmission symbol sequence spread by the same diversity code, 
The QPSK modulator 110 maps the input bit sequence 
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through series to parallel transformation into the QPSK 
symbols with the in-phase component I and the quadrature phase 
component Q. The QPSK signal is made by the I and Q components 

to take one of the four phases, i.e., ±— and ±~ , thereby 

4 4 

5 appearing as a complex number. 

Input of the space-time encoder 120 is the data symbol 
pair. The coding is based on orthogonal structure for the 
receiving circuit 140 to separate the signals transmitted from 
•other antennas, performed for two symbol intervals. Assuming 
10 that a pair of transmitted symbols is Si and S 2 , the output of 
the space-time coding is expressed by Equation (1) : 




15 If the symbol of the space-time coding matrix is termed 

as S™ , the symbols of the column are simultaneously 
transmitted from the transmission antenna at time t. Hence, 
.the transmission matrix represents the symbol group 
transmitted over two symbol intervals through two transmission 

20 antennas, where the symbols S x and —S^ are transmitted at t=T, 
and the symbols S 2 and S* at t=2T. The receiving circuit 
simultaneously receives signals from all the transmission 
antennas as the combination of the signals through all 
channels . 
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If the first and second transmission antennas are 
separated enough to not affect each other, the radio channel 
from the first transmission antenna to the reception antenna 
is different from the radio channel from the second 
5 transmission antenna to the reception antenna, so that the 
signal transmitted at time t=T is received by the receiving 
circuit, being different from time t=T+At to time t=2T+At as 
expressed by Equation (2) . 

1Q J / l= Ct l S 'l -<h S *2 + n i 

y 2 =(t 1 S 2 -a 2 S\ + n 2 (2) 

Wherein oci and oc 2 represent respectively the path gains 
from the first and second transmission antennas to 

15 thereception antenna, having different magnitudes and phases. 
In addition, ni and n 2 represents background noises, and the 
superscription * complex conjugate. 

The path gain causes a distortion to the transmission 
signal, which should be compensated to detect the original 

20 transmission symbol. The compensation may be achieved by using 
the channel estimate obtained by the channel estimation 
process as described hereinafter. Hence, using the perfect 

channel estimate, the symbols S i and 6" 2 are expressed by 
Equation (3) . 
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Wherein ai represents an estimate of the channel gain oci, 
5 and * the complex conjugate. 

In the system of Figs. 1A and IB, the pilot symbol is 
periodically transmitted to each antenna, so that the 
receiving circuit may use it to estimate the channel. 

Fig. 2 schematically shows the structure of the 
10 transmission frame in which the pilot symbol is inserted. As 
shown in Fig. 2, the transmission frame symbol consists of 15 
slots, each of which in turn consists of a data field for the 
data symbol sequence and a pilot field for the pilot symbol 
pattern . 

15 In the transmission frame transmitted through the first 

antenna , the data field which contains the space-time encoded 
transmission symbol generated from the space-time encoder, and 
the pilot field which contains the pilot symbol separately 
defined for each antenna are time-multipelxed. Meanwhile, in 

20 the transmission frame transmitted through the second antenna, 
the data field which contains the space-time encoded symbol 
and the pilot field which contains the pilot symbol 
^orthogonal to that of the first antenna are also time- 
multiplexed. The pilot time-multiplexed for each slot have an 
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inherent pattern (i, j), where (i, j) representing the pilot 
pattern transmitted from the ith antenna to the jth slot 
includes "p" symbols. The pilot (1, j) is orthogonal to the 
pilot (2, j) . 

5 Referring to Fig. 3 illustrating the conventional 

apparatus for detecting transmission diversity signals, the 
'space-time encoded symbols are detected by a number L of 
demodulating and detecting circuits 300_a, 300_1, and a 
combiner 340. Each demodulating and detecting circuit 300 

10 includes a correlator 310, channel estimator 320, and space- 
time decoder 330. In order to detect the transmission 
diversity signals, two consecutive transmission symbols are 
first demodulated by the correlating circuit 310 using the 
spreading code that is the same as that of the transmission 

15 system . The data symbol outputted from the demodulating and 
detecting circuit 300 is detected by the space-time decoder 
330 from the channel estimate and decoded signal. The channel 
estimate represents the channel gain estimated by the channel 
determiner from the received pilot symbol. The outputs of all 

20 the demodulating and detecting circuits 300 corresponding to 
the receiving paths are linearly combined through the combiner 
340 to provide the originally transmitted data symbol. 

The space-time encoded signal is very sensitively 
affected by channel estimation error, so that the two-stage 

25 channel estimation is generally used to obtain the correct 
channel estimate. The first stage is the procedure of 
receiving and filtering the pilot symbol. Since the pilot 
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symbol pattern is already known to the receiving system, the 
channel gain during the pilot symbol interval of a channel may 
be estimated by using the corresponding pilot symbol received 
as follows. 

5 For example, if the pilot symbol patterns for the first 

and second antennas in the first slot are respectively AAA 
A* and A -A -A A*, they are orthogonal to each other, wherein 
A=-l-i. Then, if the symbols of the patterns are sequentially 
transmitted one by one through the radio channels with the 

10 respective path gains, the received pilot symbols are 
expressed by the matrix of Equation (4) . 
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15 Wherein n represents the background noise. This pilot 

symbol matrix gives the orthogonal matrix expressed by 

Equation (5) , so that the channel gain may be estimated by 
Equation ( 6) . 
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roijl = fA* A* A* A\ 
LaJ U-A*-A*A\ 



(6) 



The gain per a symbol is obtained by normalizing with 
4AA* because the estimated channel gain represents the entire 
5 gain considering the four symbol intervals. 

The second stage is a procedure of obtaining a weighted 
average of the channel estimates of several slots. For example, 
assuming that the weight values used are © 0 and Oi, and the 
channel estimate of the pilot symbol of an arbitrary nth slot 
10 <x(n), the channel estimate of the nth slot is expressed by 
Equation (7) . 
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15 Equation (7) is applied to each slot interval in the same 

"manner, and therefore the channel estimate is the same in one 
slot interval. This procedure is - substantially to filter the 
estimate of the first procedure and effectively give more 
correct channel estimate than the first procedure. The channel 

20 estimate thus obtained may be desirably used to precisely 
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detect the data symbol of each slot- In this case, the above 
matrix obtained during the channel estimation is always the 
same regardless of the number of the transmission antenna 
' employed. 

5 However, such reception of the space-time encoded symbol 

only provides the channel estimate of one sample for one slot 
despite the weighted average, so that the fast fading channel 
not only makes it difficult to precisely estimate the channel 
gain varying in the slot interval, but also the use of the 

10 inexact channel estimate may further distort all the data of a 
slot in the environment of great noises and interferences with 
a number of mobile stations. 

Moreover, the combination of the outputs of all the 
decoders without considering the reception level results in 

15 "the combination of the decoders' outputs lower than the 
threshold value, and degrade the performance of the receiving 
system of the space-time encoded symbol due to the reduction 
of the signal to noise power ratio of the detected symbol. 

20 Summary of the Invention 

It is an object of the present invention to provide an 
apparatus for detecting signals of a space-time coding based 
on a transmission diversity, which linearly filters the 
25 received signals to estimate the average channel gain of each 
symbol, measure SIR, and control the decoded output by 
comparing with the threshold value, thereby detecting a 
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correct symbol, a method thereof, and a computer readable 
recording medium to perform the method. 

In Accordance with an aspect of the present invention, 
there is provided an apparatus for detecting the signals of 

5 space-time coding based on transmission diversity, comprises a 
plurality of correlators for subjecting received signals to 
despreading with the same spreading code as the spreading code 
used in the transmission side to obtain the transmission 
symbols, a plurality of channel estimator for obtaining the 

10 channel estimates of the slots from the transmission symbols 
of the pilot symbol intervals from the correlators to 
determine the average channel estimate of each symbol through 
linear interpolation and filtering of the channel estimates, a 
plurality of space-time decoders for decoding the transmission 

15 symbols received from the correlators based on the channel 
estimates of the channel estimator to detect the data symbols, 
a plurality of output control devices for comparing the 
average signal strength and interference of each slot of the 
received signals with the threshold value to control the 

20 output of the data symbol detected by the space-time decoders, 
and a combiner for linearly combining the detected signals of 
the space-time decoders multiplied by the control signals of 
the output control devices. 

In accordance with another aspect of the present 

25 invention, there is a provided a method for detecting the 
signals of space-time coding based on transmission diversity, 
comprises the steps of subjecting received signals to de- 
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spreading by the same spreading code as the spreading code 
used in the transmission side to obtain the transmission 
symbols decoded, obtaining the channel estimates of the slots 
from the decoded transmission symbols to determine the average 
5 channel estimate of each symbol through linear interpolation 
and filtering of the channel estimates, decoding the 
transmission symbols based on the channel estimates to detect 
the data symbols, comparing the average signal strength and 
.interference of each slot of the received signals with the 

10 threshold value to control the output of the decoded data 
symbols, and linearly combining the controlled data symbols. 

In accordance with still another embodiment of the 
present invention, there is provided a computer readable 
recording medium to perform a method of detecting the signals 

15 of space-time coding based on transmission diversity , which 
comprises the steps of subjecting received signals to de- 
spreading with the same spreading code as the spreading code 
used in the transmission side to obtain the transmission 
symbols decoded, obtaining the channel estimates of the slots 

20 -according to the decoded transmission symbols to determine the 
average channel estimate of each symbol through linear 
interpolation and filtering of the channel estimates, decoding 
the transmission symbols based on the channel estimates to 
detect the data symbols, comparing the average signal strength 

25 and interference of each slot of the received signals with the 
threshold value to control the output of the decoded data 
symbols, and linearly combining the controlled data symbols. 
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Brief Description of the Drawings 



The above and other objects . and features of the instant 
5 invention will become apparent from the following description 
of preferred embodiments taken in conjunction with the 
accompanying drawings, in which: 

Figs. 1A and IB are block diagrams for illustrating a 
conventional system for applying the transmission diversity; 
10 Fig. 2 is an example of the frame structure of the 

transmission symbol having the conventional pilot symbol 
inserted; 

Fig. 3 is a block diagram for illustrating the structure 
of the conventional system for detecting the signals of space- 
15 time coding; 

Fig. 4 is a block diagram for illustrating the structure 
of the inventive system for detecting the signals of space- 
time coding; and 

Fig. 6 is a flow chart for illustrating the process of 
20 detecting the space-time encoded signal according to the 
present invention. 

Preferred Embodiment of the Invention 

25 Hereinafter, preferred embodiments of the present 

invention will be described in detail with reference to the 
accompanying drawings . 
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Referring to Fig. 4, the inventive system is provided 
with an improved channel estimator and output control device 
in addition to the conventional system for detecting the 
signals of space-time coding based on the transmission 
5 diversity. The system includes a number L of demodulating and 
detecting circuits 400_1, 4 00_L for decoding the signals of 
respective signal paths to detect data symbols, and a combiner 
450 for linearly combining the detected signals from the 
demodulating and detecting circuit 400. 

10 Each of the demodulating and detecting circuits 

4 00_1, ...400_L includes a correlator 410 for decoding the 
received signal into the transmission symbol, channel 
estimator 420 for calculating the channel estimate, space-time 
decoder 430 for decoding the space-time coding, and output 

15 control device 440 for controlling the output signal delivered 
to the combiner 450. The signal passing the corresponding 
signal path is subjected to code synchronization during 
decoding of the data symbol. In the drawing, ® represents a 
multiplier for multiplying the two inputs. 

20 More specifically describing the structural elements, the 

correlator 410 subjects the received signal to de-spreading 
with the same spreading code as the spreading code used in the 
transmission side to obtain the transmission symbol decoded. 
The channel esitmator 42 0 obtains, the channel estimate of the 

25 .slot according to the transmission symbol of the pilot symbol 
interval from the correlator 410 to determine the average 
channel estimate of each symbol through linear interpolation 
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and filtering of the channel estimate. The space-time decoder 
430 decodes the data symbol received from the correlator based 
on the channel estimate of the channel estimator 420 to detect 
the data symbol. The output control device 440 compares the 
5 average signal strength and interference of the slot of the 
.received signal with the threshold value to control the output 
of the data symbol detected by the space-time decoder 430. The 
combiner 450 linearly combines the L detected signals of the 
space-time decoders 430 multiplied by the L control signals of 

10 the output control devices 44 0. 

The channel estimator 440 further includes a slot channel 
estimator for filtering the pilot symbol to estimate the 
channel gain, and obtaining the weighted average of the 
channel estimates of several slots to produce the channel 

15 estimate of the slot through a linear interpolation circuit 
for subjecting the channel estimate from the slot channel 
'estimator to linear interpolation to produce the channel 
estimate of each transmission symbol, and a linear filtering 
circuit for obtaining the average of the channel estimates of 

20 the symbols extracted by the linear interpolation circuit for 
a given interval to produce the average channel estimate of 
the transmission symbol. 

The output control device further includes an SIR 
estimator for estimating SIR based on the instantaneous signal 

25 power and average interference power of the corresponding slot 
measured from the channel estimate and decoded data symbols of 
one slot interval, a signal comparison circuit for comparing 
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the SIR estimated by the SIR estimator with a given threshold 
value to judge whether the corresponding output signal is 
approved, and an output controller for controlling the output 
according to the decoded symbol multiplied by the result of 
5 the signal comparison circuit. 

Describing the steps of receiving the signal of space- 
time coding, the correlator 410 subjects the signal to de- 
spreading with the same diversity code as the spreading code 
'used in the transmission system to obtain the transmission 

10 symbol decoded. The output of the correlator 410 is delivered 
to the space-time decoder 430 or the channel estimator 420 
according to a kind of the transmission symbol. Namely, it is 
delivered to the channel estimator 420 in the pilot symbol 
interval, or to the space-time decoder 430 in the data symbol 

15 interval . 

The space-time decoder 430 decodes the detected 
transmission symbol based on its channel estimate to detect 
the data symbol of the corresponding demodulating and 
detecting circuit 400. The channel estimate is the output of 

20 the channel estimator 420 having the first and second 
estimation stages. 

The output control device 440 estimates SIR of the slot 
from the detected data symbols and channel estimates to 
control the data symbols of the slot delivered to the combiner 

25 450. The combiner 450 linearly combines the outputs of all the 
demodulating and detecting circuits to produce the received 
data symbols with maximum energy. 
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Among the structural elements of the receiving system, 
the operations of the correlator 410, the space-time decoder 
430, and the combiner are the same as those of the 
conventional receiving system, except the channel estimator 
5 420 and output control device 440. 

The correlator of the receiving system decodes the two 
transmission symbols continuously transmitted with the same 
spreading code as the code used in and synchronized with the 
transmission side. The data symbol that is the output of the 

10 demodulating and detecting circuit 400 is detected by the 
space-time decoder 430 from the channel estimate and decoded 
data. The channel estimate is produced by the channel 
estimator 420. All the outputs of the demodulating and 
detecting circuits 400 corresponding to the number of the 

15 signal paths are linearly combined through the combiner 450 to 
recover the original data symbols. 

The channel estimator 420 estimates the channel gain of 
the symbol in addition to the conventional estimation of the 
channel gain of the slot. The procedure of estimating the 

20 channel gain of the symbol includes the steps of linear 
interpolation and linear filtering to calculate the correct 
channel estimate of each symbol from the channel estimate of 
the slot. 

The linear interpolation is the procedure of calculating 
25 the channel estimate of each symbol from the channel estimate 
of the slot. The interpolation function for this is a function 
of the channel estimate of the slot. The coefficient of the 
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interpolation function is determined by the function of the 
order of the transmission symbols in the slot, defined as 2Ns . 
Assuming the channel estimate of the nth slot is h (n) , the 
channel estimate h (n, k) of the k-th data symbol of the 
targeted n-th slot is determined by Equation (8) . 



Wherein the coefficient is expressed by Equation (9), 
where N s represent the number of the data symbols contained in 
one slot. 



Equation (8) puts more weight on the channel estimate of 
the previous slot in the leading half of the slot, while more 
weight on the channel estimate of the present slot in the 
trailing half of the slot, in estimating the channel gain of 
the symbol. 

According to the above linear interpolation, the channel 
gain is estimated adaptively varied from the previous slot to 
the present slot, so that it is effective to estimate the 
channel gain for each symbol in the slot. 

The linear filtering is the procedure of obtaining the 



h(n,k) = C 0 (n 9 k) h(n-l) + C { {n,k) h(n) 



(8) 



C 0 («,*) = -^-, C { (n,k) = ^ 




(9) 
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average of the channel estimates of the symbols obtained by 
the linear interpolation over a given interval. The linear 
interpolation employs the channel estimates of the slot 
containing noises and interferences, so that the channel 
estimates of the symbols also contain interferences and noises 
Hence, the linear filtering is the procedure of eliminating 
the noises and interferences contained therein to provide more 
correct channel estimates. 

This is based on the principle that the weighted average 
of both the present input and previous output is defined as 
the present output which employs for the average channel 
estimate of the present symbol the channel estimate h{n, k) of 

the present symbol and the average channel estimate A(n, k-1). 
Thus, the average channel estimate of each symbol is 
repeatedly produced by Equation (10) in the linear filtering. 



Wherein p is a coefficient limiting the detection 
interval, that is, the accumulated number of the channel 
estimates of the symbols used in the average, which is set to 
have a value less than 1, determining the performance of the 
linear filtering. If |3 approaches 1, the linear filter may 
fully removes the noises, but does not sufficiently follow the 
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signal level varied. On the contrary, if it is much less than 
1, the linear filter may delicately follow the signal level, 
but does not sufficiently remove the noises, so that it is 
hardly possible to improve the signal to noise ratio. Hence, a 
5 proper value should be selected for the optimum performance 
considering the operating environment and system. 

The output control device 440 controls the output of the 
demodulating and detecting circuit 400 according to SIR 
measured of the present slot. The estimation of SIR is 
10 achieved by the direct ratio of the instantaneous signal power 
and average interference power of the corresponding slot 
detected. 

The instantaneous signal power is measured based on the 
pilot symbol of the previous slot and the data symbol of the 

15 present slot. As the pilot symbol of the previous slot may be 
used the one detected in estimating the channel gain of the 
slot by the channel determiner 420. In addition, the power of 
the data symbol of the present slot is measured based on 
direct judgment of the output of each demodulating and 

20 detecting circuit. The direct judgment is to map the output of 
the demodulating and detecting circuit onto the data symbol of 
the complex value. Accordingly, the real and imaginary parts 
of the output are judged as ^1' when greater than *0' , and A - 
1' when less than y 0' . 

25 In addition, the output of the demodulating and detecting 

circuit is re-coded according to the result of the direct 
judgment obtained as +l±j . Namely, the common component of the 
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temporarily decoded data symbol is multiplied by the output of 
the demodulating and detecting circuit. Accordingly, assuming 
the output of the demodulating and detecting circuit 
corresponding to the kth data symbol of the nth slot and the 
result of its direct judgment are respectively r(n, k) and 
d s (n, k) , the size component of the data symbol is the re- 
coded signal expressed by Eguation (11) , and the average of 
the receiving signal in the nth slot interval is expressed by 
Equation (12) . 



Wherein h(n-l) represents the channel estimate of the (n- 
l)-th slot. 

The average interference power may be relatively easily 
calculated by using the re-modulated signal, i.e., the signal 
strength of the received data symbol and the instantaneous 
signal power. Firstly, the reception power of the data symbol 
is calculated by square operation of each re-coded signal and 
then average those values over N s interval. In this case, the 
reception power of the data symbol consists of the average 
reception power of the data symbol and the instantaneous 



A 

r (n,k) = r(n,k) d* (n,k) 



(11) 
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interference power, so that the instantaneous interference 
power of the data symbol is obtained directly from it, and the 
result provides the instantaneous interference power of the 
nth slot as expressed by Equation (13) . 

1 Ns A i 2 
7fo fc=i I r(/i,fc) I (13) 



Moreover, the average of the interference powers is 
calculated based on the weighted average of the instantaneous 
interference power and the previous average interference power. 
To this end, the linear filter may be used as in the procedure 
of estimating the channel gain of the symbol by the channel 
estimator 420. Thus, the average interference power of the nth 
slot is expressed by Equation (14) . 



A = A + 

l(n) p/(n) (H)/(b) (14) 



In this case, a proper value must also be assigned to (3 
as described in connection with the channel estimator 420. 
20 Hence, the estimation of SIR is expressed by Equation (15) 
based on the instantaneous signal power and the average 
interference power obtained through the above procedure. 
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A 

SIR est = S{n)i I{ri) 



(15) 



The output control consists of the steps of determining 
the weight value for the output control by comparing SIR es t 
5 .with a predetermined threshold value SIRth, and multiplying 
the output of the demodulating and detecting circuit by the 
weight value. In this case, if SIR es t is greater than SIR t h, 
the weight value is set to 1, or otherwise to 0. 

The weight value is used to open or close the output of 
10 the demodulating and detecting circuit delivered to the input 
of the combiner 450. Namely, the output of the demodulating 
and detecting circuit is closed with less SIR while the output 
with more SIR is used by the combiner to detect the data 
symbol. Thus, the output control by SIR may prevent the 
15 degraded output of the demodulating and detecting circuit from 
•entering the combiner 450, so that it is possible to 
significantly increase the signal to noise ratio of the output 
of the combiner, i.e., the detected data symbol. In this case, 
the threshold value is selected so as to achieve the best 
20 performance of the receiving system. 

Thus, the inventive demodulating and detecting circuit 
for the mobile station estimates the average channel gain of 
each symbol through linear filtering, and controls the output 
by comparing the measured SIR with the threshold value, so as 
25 to detect the correct symbol data despite considerable 
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variation and interference of the received signal level. 

Describing more specifically the steps of detecting the 
signals of space-time coding in connection with Fig. 5, the 
signal transmitted via the radio channel is received at step 
5 510. The received signal is de-spread at step 520 with the 
same spreading code as the spreading code used in the 
transmission side to obtain the transmission symbols decoded 
at step 530. The channel estimate of the slot is calculated 
from the decoded transmission symbol at step 540. 

10 At step 550, the channel estimate of the slot is 

subjected to linear interpolation to obtain the channel 
estimate of each transmission symbol, which is in turn 
subjected to linear filtering to obtain the average channel 
estimate measured over a given interval. At step 560, the data 

15 symbol is detected at step 560 based on the transmission 
symbol decoded at step 530 and the channel estimate obtained 
at step 550. The average signal and average interference of 
each slot are measured to obtain SIR at step 570. The SIR is 
compared with a given threshold value at step 58 0 to judge 

20 whether the output signal of the corresponding demodulating 
and detecting circuit is proper, so that the result of the 
judgment is used as the weight value multiplied with the 
decoded symbol to control the output of the demodulating and 
detecting circuit. Finally, the symbols detected and decoded 

25 by the demodulating and detecting circuit are linearly 
combined to produce the output at step 590. All these steps 
may be programmed by a computer into a recording medium such 
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as a CD-ROM, a RAM, a ROM, a floppy disk, a hard disk, an 
optical magnetic disk, etc. so as to be retrieved as desired. 

Thus, the inventive method employs linear interpolation 
and linear filtering to calculate the channel estimate of each 
transmission symbol from the channel estimate of each slot, 
thus providing the correct channel estimate even in a channel 
with considerable fluctuation. Further, the output control 
with estimation of SIR only passes a proper output of the 
demodulating and detecting circuit to improve the signal to 
noise ratio, maintaining enough communication quality even in 
a bad communication environment. 

Although the preferred embodiments of the invention have 
been disclosed for illustrative purpose, those skilled in the 
art will be appreciate that various modifications, additions 
and substitutions are possible, without departing from the 
scope and spirit of the invention as disclosed in the 
accompanying claims . 
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